Background: The American College of Cardiology (ACC), American Heart Association (AHA) and other organizations announced a new hypertension guideline in November 2017. However, previous studies have pointed out that this new guideline might lack sufficient evidence to justify its use. Data and Methods: The effects of blood pressure (BP) on medical costs and on the probability of having heart disease as anamnesis are analyzed. We used a dataset containing 175,123 medical checkups and 6,312,125 receipts from 88,211 individuals obtained from three health insurance societies from April 2013 to March 2016. The dataset was divided into subgroups based on whether the patients had diabetes and took hypertension medications. The power transformation and probit models were used in the study. Results: We observed negative effects of systolic BP (SBP) on medical costs in most subgroups. We could not find evidence that higher SBP made the medical costs and probability of having heart diseases higher. The results raise uncertainty about the reliability of the new guideline, at least for SBP. Conclusion: The results of this study did not support the new 2017 ACC/AHA guideline, at least for SBP. The new guideline must be more carefully reevaluated by additional studies. Limitations: The dataset was observatory, the sample period was only 3 years, and we could not complete a time-series analysis of individuals.
Introduction
The American College of Cardiology (ACC), American Heart Association (AHA), and other organizations published the "2017 ACC/AHA/AAPA/ABC/ACPM/ AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults" (hereafter, the 2017 ACC/AHA guideline) [1] [2] [3] in November 2017. It was the first revision of the high blood pressure (BP) or hypertension clinical practice guideline [3] since the "Seventh report of the joint national committee on prevention, detection, evaluation, and treatment of high blood pressure (JNC 7)" [4] [5] In this guideline, "stage 1 hypertension" is defined as SBP of 130 -139 mmHg or DBP of 80 -89 mmHg, and "stage 2 hypertension" is defined as SBP corresponding to stages 1 and 2 in the JNC 7 report (SBP of 140 mmHg or more, or DBP of 90 mmHg or more).
As a result, the prevalence of hypertension among US adults substantially increases from 32% under the JNC 7 criteria to 46% under the criteria of the new guideline. Nonetheless, the guideline states that [1] "the new definition results in only a small increase in the percentage of US adults for whom antihypertensive medication is recommended in conjunction with lifestyle modification." The 2017 ACC/AHA guideline is an official policy of the ACC and AHA. The focus is on medical practice in the US, but the guideline is expected to have a global impact, as the authoring institutions have stated. Indeed, the influence of the new ACC/AHA guideline is so large that careful reviews of various studies and the performance of further studies are absolutely necessary to determine whether or not the new guideline is appropriate.
The American Academy of Family Physicians, an organization that joined the initial announcement, declared that they would not endorse the 2017 ACC and AHA guideline and would continue to endorse the JNC 7 guideline [6] because the new guideline was not grounded in an assessment of the background resources; that is, substantial weight was given to the Systolic Blood Pressure Intervention Trial (SPRINT) [7] , but other trials were minimized.
In the SPRINT, 9361 participants with SBP of 130 mmHg or higher and an increased cardiovascular risk, but without diabetes, were randomly assigned to two groups. One was the standard treatment group (SBP target of less than 140 mmHg, 4683 participants) and the other was the intensive treatment group (SBP target of less than 120 mmHg, 4678 participants). The trial period was from November 2010 to March 2013, and the trial was stopped early after a median follow-up of 3.26 years owing to a significantly lower rate in the intensive treatment group. However, this might raise the possibility of end-point or termination biases [8] . Their results showed lower rates of fatal and nonfatal major car-K. Nawata Lewington et al. [12] performed a meta-analysis of individual data for 1,000,000 adults in 61 prospective analyses. They studied 12.7 million person-years at risk. They identified about 56,000 cases of vascular death, including 12,000 stroke, 34,000 ischaemic heart disease (IHD), and other vascular deaths.
They found that IHD mortality increased in all age cohorts (from 40 -49 to 80 -89) as SBP and DBP increased. The selection criteria of 61 studies used in the meta-analysis were not clarified. As pointed out by Nawata Sekizawa and Kimura [13] , biases such as publication [14] [15] biases and conflicts of interest [16] might have existed, and the results could have been affected by such biases even if all studies were proper RCTs. Moreover, BP levels were strongly affected by various factors such as the age, gender, health conditions, and lifestyles of the individuals. Race, genetic and environmental factors, and health administrative activities are also important factors for BP [17] [18] [19] . However, the methods used to adjust for the effects of individual characteristics in the various studies are not clear. Nawata et al. [20] found that SBP increased about 5 mmHg with 10 years of increased age. The 10-year age cohort interval might have been too long, and some effects of the ages of individuals might have remained. These facts raised questions about the conclusions of the analysis.
Rapsomaniki et al. [21] 
Data and Methods
We used an anonymized dataset combining medical checkups and receipts. We analyzed the effects of BP levels (especially SBP) on annual medical costs using subgroups of the dataset. Since SPRINT and ACCORD used patient data classified according to the presence or absence of diabetes, we first divided the dataset into two groups; one consisted of individuals who had diabetes as anamnesis or K. Nawata, M. Kimura were judged by doctors to have diabetes at medical checkups (hereafter, the diabetic group), and the other consisted of those did not have diabetes (the non-diabetic group). The effects of BP on medical costs were analyzed separately for each group. Secondly, the dataset was divided into two groups based on whether individuals were taking hypertension medications (medication group)
or not (non-medication group), and their medical costs were analyzed. Finally, the risks of CVD/HF were analyzed. Although the subjects were prescribed different types of hypertension medications [30] [31] [32] [33], we did not consider the types of hypertension medications in this study.
Since medical costs take many zero values, and their distribution has a very heavy tail, the power transformation tobit model [34] was used for the medical cost analysis. The probability of CVD/HD risk was then analyzed by the probit model.
Data
Japan has a public health insurance system that requires all citizens to belong to some type of public health insurance organization. Corporations form health insurance societies for employees and their family members. Most employees 40 years of age or older must undergo medical checkups once a year by law [35] , and family members can also undergo medical checkups on a voluntary basis.
The dataset was created with the cooperation of three such health insurance societies (Societies 1 -3) and participants were all members and their family members of the health insurance societies who underwent medical checkups during the sample period. Society 1 was an organization formed by a large Japanese company with offices and operational centers throughout Japan. Societies 2 and 3 were organizations formed by groups of smaller corporations. The dataset contained information regarding 175,123 medical checkups from 88,211 individuals between fiscal years 2013-2015 (the Japanese fiscal year begins in April and ends in March of the next year). At the medical checkups, individuals were asked if they were taking hypertension medications or not in all three societies and if they had CVD/HD as anamnesis in Societies 1 and 2.
The monthly reports of medical treatments and payments are called "receipts". Receipts were classified into five categories: dental; inpatients of DPC hospitals; outpatients and inpatients of non-DPC hospitals; and pharmacies. All receipts are sent from medical institutes, such as hospitals, clinics, and pharmacies, to the health insurance associations. Payments are made to the medical institutes after the receipts are checked. In this study, the sum of the DPC, outpatient and non-DPC hospital, and pharmacy receipts was used to represent the medical costs.
Japan measures medical expenditures in points, and 10 yen per point has been paid to hospitals since 1958 [36] . In the present analysis, we summed a total of 6,312,125 receipts, and calculated the medical costs of individuals in each fiscal year. We used a dataset containing 175,123 cases for which both the results of K. Nawata, M. Kimura Health checkups and medical costs were available in the same fiscal year. For details of the dataset see Nawata and Kimura [24] .
Power Transformation in Tobit and Probit Models
Since medical expenditures take many zero values, and their distribution has a very heavy tail, the power transformation tobit model [34] is used in the analysis of medical costs. The model is given by
where M i represents the medical payments of the i-th individual, α is the transformation parameter that makes the distribution close to the normal distribution, and 
The explanatory variables used in Equation (2) Figure 1 and Figure 2 show the distributions of medical costs for the diabetic and non-diabetic groups. The diabetic and non-diabetic groups contained 6708 (3.8%) and 16,415 (96.2%) cases, respectively. The distributions are skewed and have very heavy tails on the right side, especially in the diabetic group. The basic statistics (points) are a mean of 33,031, a median of 21,631, and a standard deviation (SD) of 59,894 for the diabetic group; and a mean of 12,572, a median of 3769, and a SD of 37,870 for the non-diabetic group. In 6.5% and 20.8% of cases in the diabetic and non-diabetic groups, respectively, the medical costs were zero. The mean medical cost of the diabetic group was 2.6 times as much as that of the non-diabetic group. Figure 3 and Figure 4 show the distributions of the medical costs of the hypertension medication and non-medication groups. The numbers of cases in the medication and non-medication groups were 28,060 (16.0%) and 147,006 (84.0%), respectively. As for the diabetic cases, the distributions were skewed and had very heavy tails on the right side, especially in the medication group. The basic statistics were a mean of 30,117, a median of 17,389, and a SD of 58,858 in the medication group; and a mean of 10,160, a median of 2681, and a SD of 33,165 in the non-medication group. In 2.7% and 23.6% of cases, the medical costs were zero. The mean medical cost in the medication group was 3.0 times as much as that in the non-medication group. Table 1 shows a summary of the explanatory variables in the diabetic and non-diabetic groups. Japan is a racially homogeneous society, we could not evaluate its effect. The mean SBP and DBP (SD in parentheses, mmHg) were 131.6 (18.0) and 79.6 (11.5) in the diabetic group and 125.5 (17.1) and 77.6 (12.2) in the non-diabetic group, respectively. For other variables, the values of Age, BMI, Triglyceride, Blood_sugar, Urine_sugar, GGT, AST, and ALT in the diabetic group were higher than those in the non-diabetic group. On the other hand, the values of the ratio of females, HDL, and LDL were lower in the diabetic group. Health [38] . However, as shown in a previous study [24] , higher LDL values lower the medical costs in both groups. Although the signs of AST are opposite in the diabetic and non-diabetic groups, other variables show similar trends in both groups. Table 3 shows a summary of the explanatory variables in the hypertension medication and non-medication groups. The means of SBP and DBP were 135.1 mmHg (16.2) and 83.0 (11.0) in the medication group and 123.9 (16.8) and 76.7 (11.9) in the non-medication group, respectively. As for the other variables, the values of Age, BMI, Triglyceride, Blood_sugar, Urine_sugar, GGT, AST, and ALT were higher in the medication group than in the non-medication group. On the other hand, the values of the ratio of females, HDL, and LDL were lower in the non-medication group. Table 4 shows the estimation results of the power transformation tobit model. In the non-medication group, the estimates of Age, Female, Height, BMI, Blood_sugar, Urine_sugar, Urine_protein, GGT, ALT, and F_year 15 were posi-K. Nawata, M. Kimura Health tive and significant, and those of HDL, LDL, Society 2, and Society 3 were negative and significant. Most of the variables showed similar trends in both groups.
Hypertension Medication and Non-Medication Groups
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Probit Analysis of CVD/HD
In Societies 1 and 2, individuals were asked if they had CVD/HD as anamnesis.
(Information on CVD/HD was not available for Society 3.) In our dataset, 3009 or 2.5% cases answered "yes" ( 1 i CVD = ), 113,685 answered "no" ( 0
and the total number of cases was 119,394. These cases were analyzed by the probit model given in Equation (4), and a summary of the explanatory variables is given in Table 5 . The results of the probit analysis are given in Table 6 . For BP variables, both estimates of SBP and DBP were negative, and neither of them were significant at the 1% level. For non-BP variables, the estimates of AGE, BMI, and Urine_protein were positive and significant and those of Female, HDL, LDL, and Society 2 were negative and significant. 
Discussion
We analyzed the effects of BP on medical costs by dividing the dataset into subgroups based on whether the subjects had diabetes and took hypertension medications. In the diabetic group, a higher SBP made the medical costs higher, and a higher DBP made the medical costs lower. In the non-diabetic group, the effect was the opposite; that is, a higher SBP made the medical costs lower, and a higher DBP made the medical costs higher. The results for SBP were the opposite of those of two important previous studies, the ACCORD and SPRINT studies.
Higher SBP made the medical costs lower in both the hypertension medication and non-medication groups. However, a higher DBP made the medical costs lower in the medication group but higher in the non-medication group.
Therefore, at least for SBP, we could deny the possibility that the effects of hypertension medications, which make medical costs higher and BP levels lower, were strong enough to reverse the relationship between SBP and medical costs.
In the probit analysis, the estimate of SBP was negative but insignificant at K. Nawata, M. Kimura even the 5% significance level. The estimate of DBP was not significant at the 1% level but was significant at the 5% level. However, the sign was negative, and it did not provide any evidence that high BP made the probability of CVD/HD LDL is often called "bad" cholesterol. However, a higher level of LDL reduced not only the medical costs but also the probability of CVD/HD in all five models, suggesting the necessity to revise the functions and roles of LDL. Urine_protein could be a good indicator of an individual's health condition.
The estimates for Females were positive and significant for the medical cost equations except in the diabetic group, but negative for the CVD/HD equations.
Gender might be an important factor to be considered when establishing a health index for hypertension.
Although the estimates were not significant in the non-diabetic group, triglycerides reduced the medical costs and CVD/HD probabilities in other equations. 
Conclusions
In this study, the effects of BP on medical costs and CVD/HD probabilities were K. Nawata, M. Kimura Health analyzed using the transformation tobit and probit models. We used a dataset containing 175,123 medical checkups and 6,312,125 receipts from 88,211 individuals, which was obtained from three health insurance societies. We first divided the dataset by whether individuals had diabetes and were taking hypertension medications. The medical costs were analyzed by the power transformation tobit model in a total of four groups. For the diabetic and non-diabetic groups,
we obtained results for SBP opposite to those of two previous important studies,
i.e., ACCORD and SPRINT. In both the medication and non-medication groups, the estimators of SBP were negative and significant, indicating that the higher SBP reduced the medical cost. Next, we evaluated the probability of CVD/HD using probit models. SBP was not significant, and DBP was significant at the 5% level (not at the 1% level), but the estimated values were negative. These results suggested that the 2017 ACC/AHA guideline was not supported at least for SBP, even if the influences of diabetes and hypertension medications were removed.
For non-BP variables, the estimates of Age, BMI and Urine_protein were positive; and those of HDL, LDL, and Society 2 were negative and significant for all five models. BMI represents obesity, and reducing BMI reduced both medical costs and probabilities. Hence the recommendation to reduce obesity through lifestyle improvement is very important. Although LDL is considered "bad" cholesterol, a higher level of LDL reduced not only medical costs but also the probability of CVD/HD in all five models. Thus it might be necessary to revise the functions and role of LDL. Urine_protein could be a good indicator of an individual's health condition. Although the estimates did not become significant in some models, gender was considered to be an important factor to be considered to establish a health index for hypertension. Urine_sugar was positive and significant in all medical cost groups, and this might be another candidate for a health indicator. The estimates of Societies 2 and 3 were negative and significant, and thus the sizes of health insurance societies might affect health outcomes.
In this paper, we mainly evaluated the effects of BP on medical costs and the probability of CVD/HD. The influence of the 2017 ACC/AHA guideline is so large that further studies to reevaluate the relationships between BP and health conditions should be done as soon as possible. To obtain more precise conclusions, analyses using a larger dataset with a longer time-range from various insurance societies are necessary. Sociodemographic and clinical characteristics of the participants are other important factors. These are subjects to be studied in the future. Health
Appendix: Sample Selection Biases
Here, we considered the problem of sample selection biases. To the best of our knowledge, this is the first explicit representation of medical data analyses. Suppose that an individual goes to a hospital or clinic and participates in a survey if 
Φ is the distribution function of the standard normal distribution.
By the property of the multivariate normal distribution, we can write 
